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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method of 
manufacturing a semiconductor laser device having 
favorable productivity in a chip dividing process without 
d terioration of thermal resistance. 
SOLUTION: This method of manufacturing a 
semiconductor laser device has steps of forming a 
multilayer metal film successively composed of a first 
m tal film 105 and a second metal film 106, having a 
thickness through which a wafer surface structure can 
b confirmed from the backside of the wafer on the 
bottom surface of a wafer substrate for a semiconductor 
light emitting element provided with a transparent 
substrate 101 and a semiconductor laminate 102 
pr vided thereon; performing alignment by recognizing 
th wafer surface structure from the wafer backside to 
form dividing grooves on the wafer backside and divide 
the wafer, thereby forming semiconductor light emitting 

lement chips; loading a semiconductor light emitting 

lement chips on a support substrate via solder with the 
substrate side down; and heating these so that the first metal film 105 is retained in a film and 
th second metal film 106 is melted into the solder. 
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Si, Ge, Sn, Pb, S b Wf fta»&£A/T-«fi& 

»<0^fi 8 XV 9 fff KKW1-^ 0 

f&s-ejfcs. cio^tcftB lth i o&%mm&mfe 

Lltbz^ f-7r^r (a-AUOa) , /Ptr- ( a 

-Al20s:Cr) , ^ (S i O2) , Mg A 1 
aOs, MgGazO-i, NdGaOa, LiGaOs, Li 
A102, ZnO, M g o«roKfbteS«ic:»UTtt, 
Ti, V, Zr, Ta, Cr, Mo, W, Fe, Co, 
N i , Al, Si, G e ©^■fH^Sr&A/TfllfifcLfci: 
# ft, G a N^(Dgfb&£«fc*f U 
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Tfi, Mg, T i, Z r, C r, Mo, W, Fe, C 
0, Ni, Pd, Ag, Zn, Al, Si, GeO^f 

(0 0 4 21 t8i&£tfn2<D&mtg<Dmm\o 
^xmtttio 

[0043] %2o&Rm<om£&*mm<omi&<Dio 

nm»c@;£Lfc$£, m<D^^<DJf:$ 
5, Kgtf 7 n mSft£fco fc b t fc, * ^^-«E*» 

10 ^^Sr^^Tffiffi (3nm) 

1 2 nmiSioiofci^i^ V ^—Wmfrh<n$m 

T\ 0. 5nmat*gJW>ofe, 
[0044] % l OASK<DJ¥$.Sr^(go^fig 
(03nm|:H$U ^2(D^Jg^)J|[$S r ^fci;» 
3, &2©&J!lgSl;:H:, Jt«m«y£TW>3i§s?5<Di^ 
^®-C*)5Au*fflV>TV>50t?, HKD&jra&irittfc 
i"5 igfcT-fcff SftStf, Kg# l 6 nm8»Cfco 

fcfcofc. micO^JR^OJit^^JIcoTffiffl (0. 5 
nm) tLfct#mi4, MHiJ 2 5 n mgftlc&o fc t 

ofc. 4fc, 02O^&iLTAu«*<at#Ste§5£ 

\xsm<Dm&Mgx-hox, t <^ v h^ftiJit^ 

[0 0 4 5] $e>^, ®H[€ra-*3EJSLT4ffitt < t<a 

•5, m2(D^JSIg^Au-t?*)5«^, 1~4. 5nmO 

5 n m (DISH 

ofc. H2O^JS^±i&<0Au£WO*mT?fc5# 

1~4. 5 n mW«Ea^$)5^ 1 O&Jgglt-, ^ 
3 ~ 1 0 n mcDtSBfc *) 2 «^Jg©Sr«l Ufcfll if 
b1-ZZbt>m* L^ofco 
[0046] RB$-<fc J: p fc, ift 

40 ±&<omm^xt£z%i&m®&£xM2&mmz 

V*"-WS\zim\,Xfrh'?-y-7$®l,1t<DX, V*. 

ic, >>i/N— SffifcT7'< * ~y hnttibtD/tf—yj&ifc 
Zftt£b%<Xi), 9*"-m&Wt>>b<>3:^-&m<o 

to&oamim^mbtevii. x&moiemw^ 

50 £±W&£$H, La»fc, ^<D^^4 0~12 0</m 
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(8) 
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14 
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tf, V~"~-mffilz.~ <d£ Steffi -^i&j&jM&M-t 
K»Tfc»&i:JfctfcL-r;, jWSttttBfc//«t*>e,ftv^ 

(3ife<Z>Jgfig2) Htfeo^ffii^v^, iK^ilg 
(4. 6nm) , &20&JII1K (4. 5 nm) *]>:©iB 
^•g-fc-itrfc L/c«Hi, HJ6<D^IS 1 1 ^o^«: u— 

(004 71 (m©£J»fig, m2<D&®g(Q = (T 

i, Ni) , (Ti, Ag), (T i, A u ) , (T 

i>Ga), (Ti, In) , (T i, Sn) , (T 

i, Pb) , (Ti, Sb) , (Zr, Ni), (Z 

r- Ag) , (Zr, Au) , (Zr,Ga), (Z 

r« In), (Zr, Sn), (Zr, Pb) , (Z 

r, Sb) , (Cr, Ni), (Cr, Ag) , (C 

r, Au) , (Cr, Ga) , (Cr, In), (C 

r, Sn) , (Cr, P b) , (Cr, Sb) , (M 

o, Ni), (Mo, Ag) , (Mo, Ga) , (M 

o, In) , (Mo, Sn) , (Mo, Pb) , (M 

0, Sb) , (W, Ni), (W, Ag) , (W, A 
u) , (W, Ga) , (W, In), (W, S n) , 

(W, Pb) , (W, Sb), (Fe, Ni), (F 

e, Ag) , (Fe, Au) , (Fe, Ga) , (F 

e. In) , (Fe, S n) , (Fe, Pb) , (F 

e, Sb) , (A 1 , N i ) , (Al, Ag) , (A 

1, Au) , (Al, Ga) , (Al, In), (A 
1, Sn) , (Al, Pb) , (Al, Sb) . 

10 0 4 8] ±|2V>-ftVO&^t>^»CtJVNTt>, m& 

ut, mm<mn 1 KB«s*i,fc© t iww 

[0049)12 0>&mm>®£ Sr*Hlfe©)glS<04 . 
SnmKSJgLfc**, f& 1 <D&mm<Dm£ x.1t t 
-5, B8?#l 0 nmgffiKfcofciSlC, 



Roff**r«»©n8ll (3nm) tLfct#(Ctt, R 
Jftfsi 2nm8Sc*ofci:t ic, V^-Um^bo 

#9~ti:fflmf&i!>mmWj:Z><DX\ 0. 5nmJii*5i 

<Z>4. 5nmtC@^U ^2(^feJSI^(DS:$^x.fct 
©24>&JH8&Ctt, JtKW"mScT'OSii^(Die 
10 V ^HTfo <5Au Srffl V Vfc»£, 2 0 n m@ft|' 

(0. 5nm) irLfcitfctt, |&PtfS2 5 ning^ 
WflKfcofc, &2©^RfcLTAuUWM9# 

20 fco/c. 

[0 0 5 0] KHS:fi>(r^HL.T4®4J;<^ 
5, ^ 2 £>&MRtfSAu i~ 4 . 5n mW 

ofc, IS2 0^Jg)Kd5±i6K>Au£W©«^-Cfc5# 

1~4. 5 n m©ill;i,5i 1 ©&JRmi, 
3 ~ 1 0 n m<Dim\'hZ>m 2 O^JBKSr«l LfcfflSt 

-7"G aNiL,®l & 2 ©&JSR«rifc<Djfi 

Lfctett, mmomm 1 t ^«<o^{$: u- 

[0051] £TFfc, ^tSW)gffi 1 »c*3l^<5^^u- 

[0052] m*ic, ^^^gg^(Oi!!Jt^iffl^^p 3 t^T^^ 
57°n-fe^Sr®S^LT, GaNS&ilc, 021^ 

*3IJgO)gffitJoV^, S«O^W43 0 0 

[0053] fttC, G a NgKwgMH^t,, Ufg 1 1 
<D@^-Sr, ii^6 0~2 0 0Mmgff*T-iC»<PS-r 



15 

8 0~12 0/imt, *»teW6-tS£i#S*U\ 

*S:100/i mtClSIt Uifco fyx.^— <Dg®fc&9fg$|fc 
,fc!)&;WxT^3<D-CJpib IfiOGaN 

[0054] * 1 £ 2 

5o **!icOJgffilC*JVNTIi, MlcDr&MBISrBIWSn 
mtU f|2<D&J»K$r^SCl Onmi Lfc, i©i 5 

&*m^Xi i &\->z\bttm i jiLXht&\ *^-gffi 
[00 5 5] ^y^SdlSJCit), 

^Vr-U (GaN££) WttvK 

tj&toiZ., ^i>7^yy^yic^^x<>^—i:^m-t 

[0 0 5 6] r<Dj;pK, *»Wlc*3^Ttt, 
[0057] *y jJOx >, ^i/jfetc J; U , u— if 
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'^SrWIiLfc. #l£i6cDJ&jiK:j3^-C, 
3ift&#\*C u fcKliF e Srifr t-f-5^jg^t,7i 

t<0Tfc5 o ^V^tt, I n£J8<,\ 

M(KrifeW*.i* Wife, y * 

&^SrfflV>TtJ;V\ WcL, I nt,L<ttSn£±j& 

wa^<t u ^Fi^v Tsuafc u y^vumntz t 

[0 0 5 8] w 0 LT, HH^LfcOtget©;*^ 
[0059] ±IEISfc J; Q t ^ h ^-y 
iaSrP^tr^^ &2<D&JB&f4> fJtA/if^/NV^ 

30 t?VN5) &&Xf®¥.3nm<DniO&m&t:jtLX¥m 

[0 0 6 0] dRlcD^MK, ^2<D^JgK) = (T 
i« Ni) , (Ti, Ag) , (Ti s Au) , (T 
i, Ga) , (Ti, In) , (Ti, Sn) , (T 
i, Pb) \ (Ti, Sb) , (Z r> Ni), (Z 
r> Ag) , (Zr, Au) s (Zr, Ga) , (Z 
r. In) , (Zr, Sn) , (Zr, Pb) , (Z 
40 r, Sb), (Cr, Ni) , (Cr, Ag), (C . 
r, Au) , (Cr, Ga) , (Cr, In), (C 
r, Sn) , (Cr, Pb) , (Cr, Sb) , (M 
o, Ni) , (Mo, Ag) , (Mo, Au) , (M 
o, Ga) , (Mo, In) , (Mo, S n) , (M 
o, Pb) , (Mo, Sb) , (W, Ni) , (W, A 
g) , (W, Au) , (W, Ga) , (W, In) , 
(W, Sn) , (W, Pb) , (W, Sb), (Fe, 
Ni), (Fe, Ag) , (Fe, Au) , (Fe, G 
a) , (Fe, In) , (Fe, Sn) , (Fe, P 
» b) , (Fe, Sb) , (Zn, Ni) , (Zn, A 
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g) 


, (Zn, Au) , 


(Zn, 


Ga) 


> (Zn, I 


n) 


x (Zn, Sn) , 


(Zn, 


Pb) 


> (Zn, S 


b) 


, (Cd, Ni) , 


(Cd, Ag) 


> (Cd, A 


u) 


, (Cd, Ga) , 


(Cd, 


In) 


(Cd, S 


n) 


, (Cd, Pb) , 


(Cd, 


Sb) 


» (Al, N 


i) 


, (Al, Ag) , 


(Al, 


Au) 


, (Al, G 


a) 


, (Al, In) , 


(Al, 


Sn) 


, (Al, P 


b) 


(Al, Sb) . 









±m^-r tuom^t^izis^x imsm 2 0 ~ 2 
8 K/wis#t,tv, mi&<mm 1 ± 9 hm^mmm. 

is&m&iiito f-^rWTlclt^T, GaNO 

[0061] j>ct, m 1 2 (o&mm<owm\z.-r> 
[oo6 2] m2<o^mm>w-^^^<mm<r>i 0 

txo&mtmw b m^^rmc/io fc. m 2 ©^jg^© 

ff££&ii<Z>TI8ffi (3nm) tUfcfctKHt, Bl^tf? 
12nm8&K:ftofc£#fc:, V*.^—mm*h(D&ffi 

[0063] is»(t, g§ 1 o&mt&om-z ttm&<o&m 

&JST*>5AuSrfflV>TV^5©-C, Hi ©&KR£Jt& 

fc*ofc<, ®l©^jaK©^$SrSJi£<DTlSi[ (0. 5 
nm) iUfci#l~tt, KI¥jJS2 5 nmg^l'^ojt i: 

ofc, *fc, m2 0^JgKtLTAu£W©$mSr®^ 
bfe t # fctt, ±Kffl«r 15nmit5ri #£F* Lfr 

l>t£^m&frt>mmi,1tk^ 3nmg|-efcofc s 
[0 0 6 4] £P>lc, KWSr®*^HUT4gttJ:<^ 

5, ^2<D^JSK^AuT*)5»g-, 1~4. 5nmro 
©Htfcsm 1 5 ~ 1 5 n mO«Sfflfc 

*>3® 2 <D&JK&£8(Jg Lfc«it i 1-5 S k itm*. L*» 
ofcc ©20^Jg^J±J$WAu4JW<D*rtSfT?*)5# 

1~4. 5nmO«5HlCl*>5^1«D&JS^, 
3 ~ 1 0 n m<D«Sffllcfc5® 2 ©^JSggSrai Lfc«ii 

[006 5] Rh, SlifiOJgffil, 2, 3fc*5Vvr;, 
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V^Sr I n k LtciiK ^Mi, -g-^S^i LT I n Sr 
t#<^tfffllO^^WfT'bJ:V\ InlC, Ag, S 
n, Pb, Al, Ge, G a Wfili)*ffife&£ti1t^ 
-yffPSVtK^ ^X $m<DM® 1 , 2, 3 fc 

Sn (Snl0wt%) £ U M 1 <0&jg^, & 2 

>0 fcoaniHSgtt, 'N^^jgffliil&KfcfcHirT, 3 3 0 

[0 0 6 6] (S&10&JSBI, J&2«9&JB!g|) = (T 

i- Ag), (Ti, Au), (Ti, In), (T 

i, Sn) , (Ti, Pb) , (Ti, Sb) , (Z 

r, Ag) , (Zr, Au), (Zr, In), (Z 

r, Sn) , (Zr, Pb) , (Zr, Sb) , (C 

r, Ag) , (Cr, Au) , (Cr, In), (C 

r, Sn) , (Cr, Pb) , (Cr, Sb) , (M 

0, Ag) , (Mo, Au) , (Mo, In) , (M 
» o, Sn) , (Mo, Pb) , (Mo, Sb) , (W, 

Ag) , (W, Au) , (W, In), (W, Sn) , 
(W, Pb) , (W, Sb) , (Fe, Ag) , (F 
e, Au) , (Fe, I n) , (Fe, Sn) , (F 
e, Pb) , (Fe, Sb) , (Ni, Ag) , (N 

1, Au) , (Ni, In) , (Ni, Sn) , (N 
i, Pb) , (Ni, Sb) , (PtS i, Ag) , 
(PtSi,Au), (PtSi, In) , (PtS 
i, Sn) , (PtS i, Pb) , (PtS i, S 
b) , (Al, Ag) , (Al, Au) , (Al, I 

30 n) , (Al, Sn) , (Al, Pb) , (A 1 , S 
b) „ 

[0 0 6 7] ±IE^-ftWDiB^^C*JVNTt, 
fcffi2 9~3 5K/WdS#f,it, *<DM<omc^X 

t, ^<mmi\zw&Lith<okmt$<oimi>imm£ 
iiit, &&mm<Dfflnz-o\,*x& % mmowwi 
1 »^ Lit<o k m u.«shic*5v vc, mm<oten ikmm 

SnAg (Sn5wt%, Ag2. 5wt%) tU % 

«» i<D&mm, m2<D&mm*K<Dm%.£t*tkLizm 
ms.<mmi kmmcLx*mfris— fmm&fm 

m&^htrttX, 3 2 0tt$ILfc. 

[oo6 8] (Mio&mm. %2<D&Mm = ( T 

i, Ag) , (Ti, Au) , (Ti, In) , (T 

i, Sn) , (Ti, Pb) , (Ti, Sb) , (Z 

r, Ag) , (Zr, Au) , (Zr, In) , (Z 

r, Sn) , (Zr, Pb) , (Z r, Sb) , (C 

r, Ag) , (Cr, Au) , (Cr, In) , (C 

» r.Sn), (Cr, Pb) , (Cr, Sb), (M 
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on 



#§12000-3 3 2 34 3 
20 



o, Ag) , (Mo, Au) , (Mo, In) , (M 

0, Sn) , (Mo, Pb) , ■ (Mo, Sb) , (W, 
Ag) , (W, Au) , (W, In) , (W, Sn) , 

(W, Pb) , (W, Sb) , (Fe,.Ag), (F 
e, Au) , (Fe, I n) , (Fe, Sn) , (F 
e, Pb) , (Fe, Sb) , (N i, Ag) ; (N 

1, Au) , (Ni, In) , (Ni, Sn) , (N 
i, Pb) , (Ni, Sb) , (Pd, Ag) , (P 
d, Au) , (Pd, In) , (Pd, Sn) , (P 
d, Pb) , (Pd, Sb) , (PtSi, Ag) , 

(PtSi, Au), (PtSi,In), (PtS 
i, Sn) , (PtSi, Pb) , (PtSi, S 
b) , (Cu, Ag) , (Cu, Au) , (Cu, I 
n) , (Cu, Sn) , (Cu, Pb) , (Cu, S 
b) , (Zn, Ag) , (Zn, Au) , (Zn, I 
n) , (Zn, Sn) , (Zn, Pb) , (Zn, S 
b) , (Al, Ag) , (Al> Au) , (Al, I 
n) , (Al, Sn) , (Al, Pb) , (Al, S 
b) 

_tJ2V ^-ftuDm.?t-&t>it\c}o\, ^x i> , SSMgglffi2 1~2 
Wmztvtt. rrUt, U-^r-fTfcJt^T, G a NCD 

»cov t>, mm<mm i mie© utt©* m^ot^m 
wmztitu $b\z y &&mm<Dwm^^xti s m 

M<offl&3iC7pi.1z<obfflCimiz.id\ l ^x* m&oj&m 

[0 0 6 9] RL, SU6©)£ffi4, 5fcl3V>T, '^fT 
SrPbSn (SnlOwt%) tUIJPbSnAg 

(Sn5wt%, Ag2. 5wt%) fc UfctfS, z\*l 
tt, UTP b&mh&K-SW&V'^ytm 

PbC, Ag, Sn, Sb, In, Ga, Z 
n, G eWi^friim&Zhfc/^ytmic&^Xh 

(3Q6©fl£® 6 ) 9m<OMM 1 K*5lt S^i^Sr S n t 

[0070] micomm. ®2<o&mm = (t 

i« Ag) , (Ti, Au) , (Ti, In), (T 

i, Sn) , (Ti, Pb) , (Ti, Sb) , (Z 

r, Ag) , (Zr, Au) , (Zr, I n) , (Z 

r, Sp) , (Zr, Pb) , (Zr, Sb) , (C 

i. Ag), (Cr, Au) , (Cr, In), (C 

r, Sn) , (Cr, Pb) , (Cr, Sb) , (M 

o, Ag) , (Mo, Au) , (Mo, I n) , (M 

, Sn) , (Mo, Pb) , (Mo, Sb) , (W, 

Ag) , (W, Au) , (W, In) , (W, Sn) , 

(W, Pb) , (W, Sb) , (Ni, Ag) , (N 



i, Au) , (Ni, In), (N i , S n) , (N 
i, Pb) , (Ni, Sb) , (PtSi, Ag) , 
(PtSi, Au) , (PtSi, In) , (PtS 
i- Sn), (PtS i, Pb) , (PtS i, S 
b) , (Al, Ag) , (Al, Au) , (Al, I 
n) , (Al, Sn) , (Al, Pb) , (A 1 , S 
b) „ 

[0071] ±iE^-«voia*^fc*t*jv>Tt>, m& 
^(i2 9~3 5K/w^f,tv, mm<mmikm*$<D 

&&mm>mg.[a\, ^xtt, mn<mm 1 \zm ut© t 

($m<m®7) HJI^ffi3t*3ft5^V^«rSnA 
u (Aul0wt%) tt, m©&JSBi, f&2©&« 
^Sr*©^^^i Lfcfifett:, 3£St©JBli 1 t^f© 

'^^©sma&K&fc^-c, 2 5 ot;^ 

20 IE Life, 

[0 0 7 2] (ftlOftMR, M2<D&mWQ = (T 
i, Ag) , (Ti, Au) , (Ti, In) , (T 
i, Sn) , (Ti, Pb) , (Ti, Sb) , (Z 
r, Ag) , (Zr, Au) , (Zr, In), (Z 
r, Sn) , (Zr, Pb) , (Z r , Sb) , (C 
r, Ag) , (Cr, Au) , (Cr, In), (C 
r, Sn) , (Cr, Pb) , (Cr, Sb) , (M 
o, Ag) , (Mo, Au) , (Mo, In) , (M 

0, Sn) , (Mo, Pb) , (Mo, Sb) , (W, 
30 Ag) , (W, Au) , (W, In) , (W, Sn) , 

(W, Pb) , (W, Sb) , (Ni, Ag), (N 

1, Au) , (Ni, In), (Ni, Sn) , (N 
i, Pb) , (Ni, Sb) , (Pd, Ag) , (P 
d, Au) , (Pd, In) , (Pd, Sn) , (P 
d, Pb) , (Pd, Sb) , (PtSi, Ag) , 

(PtSi, Au) , (PtSi, In), (PtS 
i, Sn) , (PtS i, Pb) , (PtS i, S 
b) , (Al, Ag) , (Al, Au) , (Al, I 
n) , (Al, Sn) , (Al, Pb) , (A 1 , S 
40 b) . 

[0073] ±IE^TtWO|a^|>fr|C*5V^fc, m& 
{rtffl2 0~2 6K/W^#P>^, $m<omm 6 .t 9 & 

T, GaN<D?g^#MF&CiK:«fc5fc©iSfr;rV 

[ 0 0 7 4 ] EU:, mmwm 6 , 7 »C*JV>T, 
50 SrSntU<ttSnAu (Aul0wt%) t LltiK 
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(12) 



4SH2 0 0 0-3 32 343 
22 



-*ttt, LTSn £ti#,©^>y 

tt&T'b.fcVN, SnK, Ag, Pb, Sb, In, Z 

&m<DMm8 ) mgo^ffi i Kjiits/^^&Au s 

n (Sn20wt%) fc U Bl<0&mm. %2<D&M 

S&a&tt, ^^©^sfiicfefcitT, 3 3 oncicg 

[0075] ($U tf>&JSIg, M2<D&&fg) = (T 
i, Ni) , (Ti, Pd) , (Ti, Ag) , (T 
i, Au) , (Ti, Zn) , (Ti. Ga) , (T 
i , I n) , (Ti, Au S i ) , (Ti, Sn), 
(Ti, Pb) , (Ti, Sb) , (Zr, Ni) , 
(Zr, Pd) , (Zr, Ag) , (Zr, Au), 
(Zr, Zn) , (Zr, Ga) , (Zr, In) , 
(Zr, AuSi) , (Zr, Sn) , (Zr, P 
b) , (Zr, Sb) , (Cr, Ni) , (Cr, P 
d) , ( (Cr, Ag) , (Cr, Au) , (C r , Z 
n) , (Cr, Ga) , (Cr, In), (Cr, Au 
Si), (Cr, Sn) , (Cr, Pb) , (C r , S 
b) , (Mo, Ni) , (Mo, Pd) , (Mo, A 
g) , (Mo, Au) , (Mo, Zn) , (Mo, G 

a) , (Mo, I n) , (Mo, AuS i) , (Mo, 
Sn) , (Mo, Pb) , (Mo, S b) , (W,.N 
i) , (W, Pd) , (W, Ag) , (W, Au) , 
(W, Zn), (W, Ga) , (W, In), (W, A 

uSi), (W, Sn) , (W, Pb) , (W, S 

b) , (Fe, Ni) , (Fe, Pd) , (Fe, A 
g) , (Fe, Au) , (Fe, Zn) , (Fe, G 
a), (Fe, In), (Fe,AuSi), (Fe, 
Sn) , (Fe, Pb) , (Fe, Sb) . 

[0 0 7 6] ±IBV>-ftUDffl^j7tir^*}V^Tfc, SMS 

fttt 2 8 ~3 4 K/was#e>*t, $m<mm 1 1 ®$<o 

(^6SO^fi9) Hlfe(D^ffi3|C*5it-5^vySrAuS 
n (Sn20wt%) t U, f5lO*Mt. |&2<0&Jg 

®m<om?>.&t*tt ufcft&tt, mwm i mm 
[oo7 7] mi<o&mm. ®2o&mm) = cr 

i, N i) , (Ti, Pd) , (Ti, Ag) , (T 
i,Au), (Ti, Zn) , (Ti, Ga) , (T 
i, I n) , (T i, AuS i) , (T i , S n) , 



(Ti, Pb) , (Ti, Sb) , (Zr, Ni) , 
(Zr, Pd) , (Zr, Ag) , (Z r , Au) , 
(Zr, Zn) , (Zr, Ga) , (Zr, I n) , 
(Zr, AuSi) , (Zr, Sn) , (Zr, P 
b) , (Zr, Sb) , (Cr, Ni) , (Cr, P 
d) , (Cr, Ag) , (Cr, Au) , (Cr, Z 
n) , (Cr, Ga) , (Cr, In) , (Cr, Au 
Si), (Cr, Sn) , (Cr, Pb), (Cr, S 
b) , (Mo, Ni) , (Mo, Pd) , (Mo, A 
»0 g) , (Mo, Au) , (Mo, Zn) , (Mo, G 

a) , (Mo, In) , (Mo, AuSi) , (Mo, 
Sn) , (Mo, Pb) , (Mo, Sb) , (W, N 
i) ,. (W, Pd) , (W, Ag) , (W, Au) , 
(W, Zn) , (W, Ga) , (W, In), (W, A 

uS i) , (W, Sn) , (W, Pb) , (W, S 

b) , (Fe, Ni), (Fe, Pd) , (Fe, A 
g) , (Fe, Au) , (Fe, Zn) , (Fe, G 
a), (Fe, In), (Fe, AuSi), (Fe, 
Sn) , (Fe, Pb) , (Fe, Sb) „ 

20 [0078] ±l5^^•f^^<Dia^-g•*>e^^ct3^^Tt, m& 
<Dkmm<D$)&&vm£ixtz < , $t>ir, &&m,m<n$m 

[0 0 7 9] ELh, mm<Dim8. 9fc3oWC, 
&Au S n (S n 2 0 w t %) t Lfc**, rttfi, 
so «j*tb-CAuSr«t>#<^tfftfeo/>^*m-cfej: 

\t\ „ AuiC, Ag, Sn, Sb, In, Ga, Ge, 
[0 0 8 0] ELh, HJfi<0^)il^VNb9»C*J^Tj*^ 

mfeatiitmm*&u ±&<o&Rm<zx%!i>ni& 
mm&£u% 2 &mmz v ^-%m\mm vxa^ 

«itsr e mm-tz r t s t ^ ? i&asrwi-a. 

IS^JhO Sr«ej|5<Dtt»iiteLT|B|±$-fr5r k&X' 
r/® 2&JKKSriS£-f-$ r t fc J: t) , fflt^^JSK 

(^te<7»g®l 0) 03tt#&W©^<OJg!il 0<D¥ 
50 !f^|lS-^m0T*>5 o Eicfcwc, JBfe 
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<mm 1 1 m zu^-o^x\tm-<Dn^-xm^ ufc. 

1 0 1 r 4 TW&Xh <0 , -?rO±^g{bfe^^ 
ft<0«JIftl 0 2;W&ifc$*vOv5 0 *fc, &{t$5^¥ 
3§tft*»IS!ftl 0 2<D&ifiia% nH&103, pWM 

ft I'-iP&ffi-ffl^ ctut^igft ^ y y<omm 

f&Xh<9. *Htew^ffijc43^x, Z.i\*¥m#\s~f 

2©^M^3 0 6^K(t^T^t), §f>tc, r*i,f>£ 
$#£ft3 1 0 i:«)M^vy3 1 2&-fttE&frZ,Z. k 

^fti— ^^ssfSfS^s i on±\m 

- fSttSJy^S. %2<D&mm3 0 6\ctikZ.?>i? 

Z.*>\C.mtV£< &oTV**& r^S$>5. BESSit*^ 
a*, ^i-^3 1 2*fctt, $g2<D^g|tt**t>^>^# 
&k<D&&t>i-m&tft£tlX\,^ 0 n«tel0 3 

a, 5t^sfr<D-e»t!7w-ir3 1 3{z.xmm)\cmi£ 

*U pSffil 0 4ttf V3 1 1 ^^-^3 1 4tT«^ 

3 1 o ttm%£fritftmmm-\cwm\z.imisti 

[oo8i] ®4ti*mm(oBmicm^tc.¥m#u— f 
j-y-fzmmibiim^fitzmmxbi,. *m\^ 

Sr^LTV^. HK»v^» *mtois— VJ-yrfrfra 

o orogffittt, ® i o>&sm&3:xm2<o&m&3 o 

3 2 0) iS|9:lt6.tvT*3«?, rrSrilCT, f-yy^S 

ffim3 20fi, H|150(im, ilii8«gl OjimO 
&?ttfcRtt fejvc* 0,^s' rft» t> b< v 

-imffimfrbmirnvbtix^i. 

[0 0 8 2J KTfc, B3*3J:ro4**J!BLoo*% 

[0083] ^^^©gattcfflv^jvc^ 

3^n-fe*&jgi3gfflLT, f-7x^7£l£l 0 l_t 
fc, B 2 JC* Lfcfi* ©¥4»ft k— !f«it*J#«3g^$ 

nfc^fti^-r^ai^-Sr^ rcoiSfc, 

trm-ts. *$m<omm\cte^x, m.<omxu4 2 

[0 0 8 4] «*«Dtttfftt>i2igLfcJ:5l^ * 

7r^7S<gl OKDSBfl!!^^ «HM>L<tfccy*- 

3^4 0 ~ 1 2 0 <i mSS*T»C»< SlSfS. r*l 



—fmm 5 y~ %>&wmmifctzw&\z.\x 35-8 

fSlCjo^-Ctt, WB'JaSrfflV^T^i/N-WJi:^.* 12 0 

ta»e>, ^^-tf^cBffiaa^ ?:h^~sek:j&££ 

10 [0085] JfcK, ^ xy N-gffitc^ l (D^JSK 3 0 
5, &2<D^|g3 0 6£JB#3&fcLfc„ 

i2k®&uz<\,->&m*m£tZ&m*h*). 

3 1 2 km&v^it^m&mfe-rzim&ibz,, *m 
t©^itfcv>t(j > i <D&mm3 0 5t hxmm 3 

n m©M o U ^2 <D&SB|<D-gfS i LTKflC 3 

nm©AuSr«Sj!>C^L^ iO±54> f^V^JH^5r 

^?m**'*y*&g<o&<nmk%m^x%>&.^ 

fc£*)* ^200nm©AuSrJf,CMU 

^ y* V Isisx h kMcffi&U 3 2 0 ic&f&ZMiA 

fcgiS#K. ^2<D^JBKw-«iii:L-C§e,tff<Au* 

30 £>-f , f->y&*?mi* y ^feoi 5 

^y'u^\zm\\hiix\ i ^mo^<o^9'->' 

imim*m^x\,$L\,\ siigp3 2o»^v^ 
mmzimi-z&Aixzit,, 

[0 0 8 6] i<o^ fy^iHMlilcJ:!), 
io >vhU ^^-Sffi (f-7 7 -CTS«) 

>h'm>hxx9 747-74 is&Mitc* mMwm 

\X 02tCt3V>-CIS^-2 2O-C*$ixTV'>SU— f=f-y 

jgi^jSriD^ *t747'74vxa&^x f ;^—%; J !j) 
yT'Srf^iLyh,, ZZ.Xftx?74 V>?m\ci.Z3'y 

®%Mix?-y7'$ : #m-zm : \ct$\ l *x. ®®tT7 
50 t>, ®m&t>mbti&zkttmo*X't>fa\ m^- 
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fc* 7 s/ 74-774 yk-f% 

[0 0 8 71 -<D«fc?fc, *«Mt*5VNTtt, mmttg; 

[0088] tittc, Xyf-i y>rmz. J; <0 , u— tf 
0><fc5fc:3SJgbfc. *-f, Bl3»C5j*$*i,5£#£#3 0 
T, 3t«?S«:3 0 l«:Cutl,<ttFe4r±ft:i:-?-5^ 

-t©S**4T^©ff^tt 1 ~ 2 0 ix mSSffcot, 

BUMS, ^5y^i£^Srfflv^TtJ:v\ fcfc'U infcL 
< f±s n 4 1-Z>^>y<»m&<o <fc 5 fc, ^i&l- 

ffi»Tii5V^^ffi^ i QmtW&f&Wf&XhZVX'^ 
*Hte<o^fgo,t p K$*??g#3 o 1 M^hhfrCtbm 
tt*£fcjW*U\, RC, £#g#3 0 1«rl 

u '^r&mmtbzax; ±sm<*tiit\^-?'?iy 
y*mmm*TizLxm. $e>^, nm*®^** 

1 2 4 w^«t9, |g2<D& 

[00 8 9] i5LT, B3I^Ut#^©«|ie>¥ 
[0 0 9 0] ±SXSlcJ;»)v>>y hSftfct'— «F^s> 

aSrK3-<fctr-?), 2H6eDJg1tl<D»3-i&*oTAu 
5® 2 CD^JSK 3 0 6 -to- 
SP^>^3 1 2{C&ttiM/?L*oTV>$©*T\ 



R> ®2<D&JiKSrtf-LT¥&ttw— ffy/iS7|)y 
^~F&tlcD&&Jjt«r$]£ Lfc 4 £ 3 0 K/ 
[0 0 9 1] Z<rM£$m-fZtLib{^ Au*>f,!l^I 

2<^^ji^(c:3iia53 2 o ^mn^^m\t^mm<mm 
t m&x-hzmfco&m io4r 5tis^ Lfc*tf$ 
•t^fi i (c*i*«M&t2 8 K/wtvtm-zt, mt 

[0 0 9 2] ^2<D^JgK4r^BStfclS^tt, *Ht6© 
20 [0093]fi o^JBKroim^N i t 

^«5^f^su fmtrc&mmvtctz^ 4ok/w 

44*3, WbLfe. tJiSOipt, Ni|it7j"f7§ 

roUfb^as^L-c. mm±<oi%wj:&mbLxto(b 
mm>frh^\zm&\,x. wm^<nminc^<i^b^ 

5. 5 1 s'^"<o«ffi»::«SiiSi5Srif^4 tT*7r^T^ 
30 T^fc. i*V»4, m<D^K4LT-7£vhl$I^N>' 

xs*(iSi§epsie^4 lt® i iszxm 2 

[0094] Rh©*3S$rS|3I-fS 4 ftO«t 5 t/i5 0 
*T, ^2<DifeJillg4LTH:, g^«r^ < ct©41- 
Sfcfel-. • ; !'!» / hxe^t/NV^4fiU.»)^5^JSSr 

mfc\.xmizzm&hz, mi<o^jnn4UT 
m 2 (D£mm<nm.?*&i>£k lx, m&<omm 1 idise 

[0 0 9 5] $t>»C, ®1W^JR^(C0V>TI4, -^fpy 

Lx&gmtzmtLizm^ m&mz.mkimzmg. 
^ m.\cm-&®%&<Di%&tj:&m&mfei-zzk# 
smxhz. r<Djfej^a-f54, s«, %i<o^m 
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[oo9 6] wm>Kmz>&mm>W8&\zr>\,^ 
[0097] mmmm^xhmK&mmhtiz x 
it, ^tit><Dmmm%t^mit, m<mm 1 1 

rim) £ 

tfc 1 1 fctt, H 1 <D&m&<OffiZ# 1 2 n mSfifcfc 

fiK&ofc. KStoTPKIco^Ttt, 

±#§* l*»o fc. H l »£Jg®©£:£ SrittfifrDTfRte 
(0. Snm) ^Lfcttfctt, AufcfflV>fc&2<£>& 
JNROOHW 2 5 nmtSC/fofci f tc x 

Wil,tcb^ 3 nmgtfiofc. $f>|^ IB®*® 

i~4. 5 nm<D®m^hz>mi<D&mmz.mm 

3-1 0 nmroteHt&5^2<^Jg|^S:SSUfc«ig 

iKxmzo&mak&mexmxib*. 
[oo98] mMnomrn*mm)&h&\,^&eria^ 

%&T, »* b < « 1 0 %&Tfc/]><* < Bttf 
[0 0 9 9] &JM-<itX 5 fc, *SStt<DJBIBfc.I:ft 

*>5#Ht£ g &Stg-f5 r i *s-e 1 5 1 ^ p 

JMrnvrnxtomttmLx^Zitz-t 
vx-ztt. 

mm i o tmi8i<o¥&#:u- mmzm&Litt z 

^?*U7>&*$t*t£t$^Xt>. m&om\ 9~3 2K 
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imm<m® 1 2 d 0 5 Kfcfc&gu©^^® 1 2 

• tf3SSS-^i-^Sag-r?S)5o Hfcfev^, 5 0 

ai^5 0 2^figSHT^S <> n-GaNSg 
5 0 1 ©£B5fcf± % gB##!lCn@&5 0 3*5, &{W)%k 
10 ^ft:<OfflSfr5 0 2<O«ffiC«:, p«i5 0 4;o5&ft 

TfcSn-GaNSTFBttt, Hi OjfeJSK5 0 5*5 

ia»te>tfc*j*), <*e>fc, 3t^K^5io±, t&iami 

<D^«^5 0 5 bom^-yftS 1 2^|E$n5r t 

»c«t9, *m#u— 9 s 7y7&%&m>5 1 o©±kh 
H2o^sK^t/N^*mtcD^^s-eii^ 

20 ^^tbT^S. p«^5 0 4tttfV5 1 1 1!7^ 

-y5 14^T«^6<Jt^$HTV>5. ii-e, tf^5 

1 1 tttXJts^5 1 o titmiztiiznmms&F\z 

[0 10 0] 06tt*Slte<D}g®trfflv^ c »|^^ l ^-Hf 

3'7'Sr^fSff5 1 Ofc-^^VFi-SBJro^ftSr^UT 
Hfcev^T. ^bfe^^ft©agfr5 0 2tt. 

1, n-AlGa I nN>fWi6 0 2 > n-AIGal 
nNf52^7s'Kg6 0 3, n-AlGalnN^K 
S6 0 4, AlGa I n N^ftt^^Fffi^ 6 0 5 , 
p-AlGa I nN^ Kg6 0 6, p-AlGaln 
N^7yK§6 0 7, p-AlGa I nNa^^ h| 
6 0 8 t>mM ZtlXm&ZtlX^Z. p^9y h'M 6 0 

Ufc^hy^7^<Dy y^6 1 l*S|3:»tP>K p 
®«i604tp ; J'7S'K^607tOM»C»i > yyi?|35 
«» ^Sr^V>T, n-AlGaInN7"n^l609 1 p 
-AlGa I nN*ty/S6 1 OjJSRtffeivOvS. 

SK5 0 5&£im2<7)&m§ls 0 6^Jgfig$ttT^ 
5. 

[0101] OTIC, £85*5^0106^^1.00*11 

[0 10 2] fljaic, ^(^K^roMcffl^enTv^ 
so ST'n-t^SriglSgfflUT, n-GaNS1g5 0 1± 
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&titz.¥m#i»— ?<?x.^-*Wt !l ^N-coif^-li 
4 0 O/untfeO, flM#ffi¥^Og|||fl:5 0 2<D h 

[0103] n-GaNSfi5 0 lOMWS^ 

U pa^v- <DfgJt-%, iI?B'6 0~2 0 0nmgg$-? 

8 0~1 2 0/imt, SfelcSIS-rsri: 

!>o:^-©if:^i 8o tf mtim mem 
zm^xi i OAmSfissLfc. o*/>-©«ffir±w 

mm &®£ittm-C£tc*:tlfrt„ n-GaN£«tf> 

0 3S:»)Slfe, niS50 3ttn-GaN<Ma»e>je 
(C, Ti (3 0nm) /Al (lOOnm) /Mo (5 
Onm) /Au (lOOnm) xmfc&tlZo n«&£ 
*I&%ifim§lLoZ>\Zim<MlfcfZk, n-GaNi 

OymcDjEfcl&^ftfcLfc. 

to i o 4] mc. *^-mft£m\mio&mm5 

0 5, &2O&J»K5 0 6<SrfflifcJ&ftL;fc„ M 

1 ©&IIK5 0 5tt»(K-C&5 n-G a Nt«g«tt*SJ; 

1 2tiB^Uc<v^SrSJgi-5£«if*5*)t), $fc, 
^2<O^RK5 0 6K«:, v^yh©^ ±fE^>y 
5 12 tjl^L^n^JSSr^^t-^i^^fcS. *H 
ffiW^figMS^-Ctt, 0 1 ©&JSBI5 0 5 KttJgg?4 n 
m©Moi« B2W^Jglg5 0 6lJ:|±^8nm<DAu 

fcfcw c^^-Sffitta:Jt&nfcrn6)2i®^js^ 

[0 10 5] Z<D'& *y7iMlMk£.X9, ^i/n- 



> V h U (n — G a Ng&) \Z.#4\* 

I4> @6|CjoV^TIB#6 3 O-C^ti-O^U— -ff-y 

ffiufm6m*biiz>zktxn5&x<i i ti:\,\ 
mu z<on#m&isitxmMiMj:$:n?. u- 

20 Ioi06]roi5lc, #ss#!fc:J3v vt(*. SUifcg 

[0 10 7] jfcK, #4*^4 u—f 

5-y7Z%.W£fc±\c-*"?yhLit. reign, gtr 
«>±5t**Sty5u 05^*$Jx-5^t««^5O 
1JC, /n^5 1 2Sr^*L,yt, 3fcSSSfecD^«fc*iV^ 
T, ^^S«:5 0 lttCufcU<«FeS:^ti-5^ 

30 fig^fcfccD-e&S, ^V^5 12(ctt, InSrfflV\ 

B«50fe> *y*&&$:m^Xt>i:\,\ fc^U Intl 

tc, ^^£^5 0 1 1 9 0 < CSa<D/N>'^<OBt^J; t) 

2tD&Jg&5 0 6 t^vy5 1 2tSrJ;<llI|fe*-fr^ < , 
r*t,fc J: (3,^2 <D^JB^«/s>^4i|j:g<^ u M 2 <D 

^^5 1 20-fiBi^fi)i$Hyt. *<DgL X^S^SrJft 

[oio8] rpLx. e 5 ^ Ltc*mm<mw<<D¥ 
mitu—fSim&imzivit. 

[0 10 9] iElSlCtO-^^^h^^w—Hf^y 



31 

&£BI 5 0 5 tt-tO* * n - G a N&Kfc&f LT8o 

<dm o a> § ® i <D&mm&fr Lx*m& v—f y 

[0 110] Si§m>:*5lt'5&JS^(DK)¥^ov> 

[Olll] SiiSBtfc^Tt^/.c^sff^S.t 
^l©^JSK*JJ;U^2<^ja^)^i:tK 

ff$Sr^if/i«^fT^5#g-<DTISffi (3nm) h 

fcft % i^-tim^^mm^tj:i,<OX, 0. Snm» 
±#3* L*»o«u % 1 <0&Jgl&oj? $ 4r*5^<DTIStt 
(0. 5nm) ibfcif fcfi N Au£fflV\fc8l2©& 

i~4. 5nm<Dtmichz>&i<o&mm^ m 

ff3~l 0nm©j5ffl^fc5®2<D : &JgKSra^Tfllig 

[0112] a^85ofea^*f«uc/j>$vN»a-tc»i, 

W fcfc'U ^y7^|»c:*H-5S^giJ(oaDaJtSr2 0 
L< »i i o %«T»-/J>$ < tWtl-S^as 

[0 113] Rtiz&^fcJ:?^ *3g&<^jHfcJ;*v 

^KUCSrWU JbizEOttK^oT/iS^l^ggtJj; 
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(sas^m 3] 9m<DMmi 2fcj3wc, ss, ^ 
«^i2*v^L9^cgE«$^^fct<o^c^fc«lJ^ 

V ^Tft©&*3-fcH*r»C*i 1 NT JStfgftfit 1 9 ~ 2 9 K 

io /mm*** mMmtimfmztbit. -tote© 

£fcoVvcfc % %MK>&lUt>L<f±l 2lCfE©L*:t> 

fco^TW:, WiOI&mi 2^Lfc©t^C©Htct5 

V vC, *Jfe©^ffi 1 2 *5 «fc 1 i; l^^(0Sb^S# htl 

[0 114] ^teOJgffil Ofcl^Ll 

UK) 3E*fe^ H*^, Af/^^ ^5 
[0 115] fiUt x vKod^sefeojglitcifc^Ttt, 

KWLfc^, /HT— (0-AI2O3 : CrzOa) , ^ 

(S i O2) . MgA 1 2O3, MgGaaO*, NdGa 
Oa, LiGaOa, L i A 1 O2, ZnO, MgO^ 

wfeowcttok vitm&\c<>\,*x<D*.fm\c.®m ufc 

A 1 G a N„ AIN^ m<0 U 0 <5iK 

[0 116] $f>fc, 43mffiMd«t«¥«ff:i^-if 
e-Ctt&V\ • 75^ > K • X h 7 ^ ^ (s A 

s) siit, v vim&m&tLx, tm^hy^ym 
fflftii^^D (bh) m ^+**K«f^^ 
^^•7Kt (csp) mmgomobotLx 

tt. ±i&©*m»C|g^$it5^»fCtt/«C< „ A 1 x I n, 
Gai^irN (Ogx, ygl) «Df&, ffi©^ft:U— 

f^a»cffl^6tv5 1 1 1 -vmft£$i)¥m# y 1 1 - 
v 1 mt&ymmttt Lxt^z t hmbfrx-bt. 
» [o 1 1 7] u±. xwogmm®-?^ #m<o* 
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(01 18] 

10 1 ] *mm<o$m<omm i w^ft v-v mm** 
m 2 1 *mw<Dmmomwi i (D^mt^ w—ifgg^ 
(0 3 ] *%w<omm<o&m i o <z>^#u~~ fmmi: 

[04] *»^<DieSo^®l 0tf>¥ig#U— i^g(r 

*3»*5 1— ■tf^s'T'^-t-^H-efcs. 

106] 2<ai£Sfli:u~- >mmiz 

[07] m£<omricm^it*m#i'- j fmm$:*i- 
mxhz. 
[^oittw] 

ioi f-7T^rr*« 
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try 
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305 


Bio&jgBi 
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3 10 




3 11 




3 12 
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314 




320 




50 1 


n-GaNM 


50 2 




503 


nWM 


504 




505 
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5 10 




5 1 1 




5 12 




5 14 




6 20 






306 305 



110 H2 




[B4] [g|5] 
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